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REVIEW AND COMMENT ON NEEDS AND REQUIREMENTS FOR CONSOLIDATION OF SITE-WIDE
GROUNDWATER MODELING AT THE HANFORD SITE

In May 1996. at the Hanford Advisory Board (HAB) workshop there was a
recommendation to the U.S. Department of Energy, Richland Operations Office
(RL} to develop a site-wide consensus groundwater model for the Hanford Site.
RL's Site Management Board directed thé Environmental Restoration Program to
lead the effort to provide the Hanford Site a Site-Wide Consolidation
Groundwater Model. In a RL letter to the regulators. stakeholders, and
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groundwater model consolidation task.
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and HAB in review of past modeling work the "Need and Requirements for
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Please review and provide comments by March 3, 1998. If you have any
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Executive Summary

In response to both internal and external recommendations, DOE/RL initiated a site-wide
model consolidation process, which is to include the participation of all affected Hanford
programs, to eliminate redundancies and promote consistency in groundwater analyses
produced for Hanford programs. The purpose of the model consolidation is to establish a
site-wide modeling process to foster 1) consistent assumptions in applications across
prograrms, 2) model enhancements based on new data/information and improved technical

,several.gt@ i1 'dwater m

cxithe Hanfg
iatiai: The Project Hanford Managcment Contractor
dose Zo1

site in support of the site-wide g idwater monitoring program, and vadose-zone
modeling capabilities for a vags f site and natior L.pEpgrams.

fTequirements necessary to move
iended needs and requirements

il planned groundwater modeling
fams mcludmg Environmental
fmed:anon Sys . Programs. Inpul

forward in the model consolidation’ i
were largely derived from a review of'seeent:
acuvities provided by representatives of majoté
Restoration, Waste Management, and Tank Wa§.
was also provnded by involved Hanford Site co"

Based on a review of current and planned groundwater modelmg actiities at thé:
following needs and requirements have been identified for the consolidated site
groundwater model objectives, the conceptual model and associated database;
computer code needed for implementation of the numerical model.

Consolidated Model Objectives: The consolidated site-wide groy ter model
should be capable of being used to meet a variety of Hanford Site projég; ob_]ecuves
including the following: '

¢ preliminary screening of sites for locating waste disposal facilities

¢ site performance assessments of proposed waste disposal facilities



e assessment of environmental impacts involving the prediction of contaminant transport
and dose modeling for site-wide and local assessments

s design and evaluation of groundwater remediation strategies including natural
attenuation, hydraulic control/containment, and contaminant removal/cleanup.

e design and evaluation of site monitoring networks to predict fate and transport of
existing and emerging contaminant plumes, transient hydraulic behavior of the water
table and unconfined aquifer system in response to changing waste management
practices, envmonmental restoration alternatives, or waste facilities end states, and

should be used in

¢ This modeling da base shouf
data.

maintained using appropriate co&ﬁ"
of all changes

¢ Any conceptual models that make additional’
database should mclude adequate documemai

conditions in order to be able to represent both current as well as expected future
Hanford Site states. For certain modeling applications such as the simulation of
remediation options for the carbon tetrachloride plume in the 200 areas or the evaluation
of innovative in-situ treatment technologies such as in-situ REDOX treatment
éncthotc)l]ologles capabilities to simulate the effects of variable density would be

esirable

|



Administrative requirements for the selected code include the followirig

accommodating the spatial variation of hydraulic parameters (hydraulic conductivity.
transmissivity, specific storage, storage coefficient, etc.) in three dimensions as well as
the three-dimensional geometry of the major hydrogeologic units. The code should
also allow anisotropic hydraulic conductivity values

simulating flow and contaminant transport in unconfined and confined portions of the
Hanford aquifer systems

simulating flow:conditions at the scale of the entire Hanford Site with robust sub-
ifity to facilitate the systematic transfer of attributes of the flow and
grt mode) derived from the site-wide model for use in local-scale

fteafiport phenomena, including advection,
Tecularigliffusion, and adsorption

g a linear equilibrium adsorption model where
only on the contaminant and on spatial

able but not required feature
mplex decay chains (for

efficiently simulating flow conditions onl
simulated flow conditions, or combined flo

efficiently performing streamline (for steady< !
transient conditions) analyses in two- and three-dimeis

Incorporating time-dependent and spatially varying boundary cofi itions. ] :
should be capable of simulating homogeneous and non-homogeneous Diric
(constant head/concentration) and Neuman (constant flux) boundary condis

selected code should also have a prescribed approach for incorporation g
space-dependent sources and sinks of water and contaminant

pre- and post-processing modules that allow the user to readily set up problems and to
understand results. In particular, the code should have the capability to provide outputs
that can readily used by its own pre- and post-processors or other available software to
graphically display the numerical grid discretization along with zone identifiers,
contaminant and water fluxes across selected boundaries and regions in the modeling
domain, and contours, spatial cross sections, and time histories of contaminant
concentrations

iv



Other Needs and Requirements: Other nced S
considered in a site-wide model consolidation mclude

An effective model interface to a GIS such as the proposed site-wide modeling database
to allow the efficient specification of hydraullc properties, boundary and initial
conditions, and sources and sinks

evidence of reliability including adequate documentation, verification against a set of
test problems relevant to Hanford groundwater conditions, and a body of model
applications that can demonstrate its technical, regulatory, and public acceptance

G4t siifi of the code should be available, preferably the last one that has
[ly tested. Fégicodes that are well established, the use of a well-tested version

fractors. These 1 lnspectlons and/or verification reviews
o rectify prqb] HS:##eountered in application of the

application to Hanford specific appllcatlons

development of a process to foster greater consnstency in appllcatlons of grotg
models by various on-site programs

site commitment for long-term maintenance and care of site-wide mog
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1.0 Introduction

In response to both internal and external recommendations, DOE/RL initiated a site-wide
modei consolidation process, which included the participation of all affected Hanford
programs. This process will eliminate redundancies and promote consistency in
groundwater analyses produced for Hanford programs. The DOE/RL Site Management
Board (SMB) directed the Environmental Restoration Program to lead the effort. On Sept.
Wi er issued an RL Letter of Instruction to affected RL Programs, and
1., with RL and contractor customers, tribal and stakeholder
pamclpauog PM@L W'li idevelop and maintain a predictive Hanford standard groundwater
model it Jetter toifgulators and stakeholders dated July 28, 1997, RL also made a

anne:

Y
support of active and pl
Bechtel Hanford, Inc., {

capabilities for the site in support= ';i:c—wnde groundwater monitoring program, and
i 1li 0F a variety of site and national programs.

P
&d technical capabilities, and 3)
________ ¥ and decnsmns As an initial step
in FY 1998, the consolidation process is to provit i
of the site based on a consensus hydrogeologic ¢
model that will meet near-term and long-term nes

external Hanford site stakeholders.

conduct rcvnew of recommendauons 5) document review and recommendations;
initiate implementation of the recommendations.

dwater model

Current plans also call for completing implementation of the site-wide g;
Jfitied support for

and development of a multi-year program plan in FY 1999 to provid
the site-wide model from the years 2000 to 2005.

1.1 Appraach Jor Model Consolidation

On October 27, 1997, RL initiated the model consolidation process with representatives of
affected RL programs and contractor personnel. An overview of the model consolidation
process included descriptions of the four major tasks:



s development of site-wide modeling needs and requirements
o technical evaluation of site-wide conceptual and numerical models

e recommendations for a consensus site-wide conceptual and numerical model and
computer code(s) to implement the consensus numerical mode}

e implementatigtinf the recommendations.

ncludmg 1dent:ﬁé§auon of supporting planmng and technical documents. The
i ide the basis for summaries of current and planned groundwater

Hient OF. E.:ology ‘the Hanford Advisory Board, and
gd the Nc&P;erce Tribe, and the Yakama Tribal Nation

representatives of theC;
preparation of this draft report,
mode] consolidation process and:
technical review and commeny;

agencies, tribal nations, and interested pubhc b "“lﬁéf groups. The purpose of the
workshops will be to review and identify key dlffcéémes in assurmnpE

¢ current site-wide hydrogeologic and geochemical interpretationsaﬁéi associats
databases

s existing modeling impiementations and assumptions including the purp__'f
the implementations, the key assumptions, the limitations, etc.

Following the initial review of site conceptual models and numerical modiﬂ appllcatlons and
the computer codes currently in use, RL intends to have technical subject area experts meet
to evaluate key areas of differences and to present recommendations for resolution to the
larger group of technical points of contact (POCs) for review and comment. PNNL will
work closely with the POC group to collate and document final recommendations for site-
wide model consolidation. The scope of recommendations will include discussions on the
following topics:

¢ current site hydrogeologic interpretations



e current site hydrologic conceptuai model for groundwater flow and contaminant
transport

o selected computer codes and related software
e development of parameter databases and their implementation of numerical models
e aprocess for ensuring consistency in modeling applications performed on site

e aprocess for long-term maintenance and care of 1) recommended hydrogeologic and
hydrologic databases, 2) model parameter databases, and 3) site-wide model(s) and

nd :éuggeéf
ifl be incorpor]

lons for mode! consolidation in the May 1998 time
akin. of the recommendations. The proposed date for
consolid ed site-wide model, including the development.
currently planned for July 30, 1999.
revised based on the recommendations and

completmg implementatios:
calibration, application el
However, this proposeddiite

resuiting scope. EE

ent of needs and requirements
- _i:idelmg These needs and

modelmg activities being planned by the Enviros
and Tank Waste Remediation programs at the H

manner:

» Section 2.0 provides summaries of current and planned groundwats
activities of major program areas at the Hanford Site, including th&§Ep
Restoration, Waste Management, and Tank Waste Remediation Systcm Programs.

¢ Section 3.0 provides a summary of site-wide groundwater needs and requirements
necessary to achieve the objectives of the model consolidation process






2.0 Current Groundwater Modeling Activities

The following is 2 brief review of recent and current groundwater modeling activities that
have been undertaken by the major programs at the Hanford Site. The information
presented is organized by major program areas (.., Environmental Restoration, Waste
Management and Tank Waste Remediation System programs) and was largely dertved from
meetings with representatives of RL programs and site contractor personnel and review of
related key techmcal documents. In performing this review, a conscience effort was made
g:modeling activities to those completed within the last three years (i.e..
review of past groundwater modeling, for the most part, is focused
es completed since 1994,

o}
] nv;ronmmtal Restorauon Program. These summaries reflect
];m BV RL tech!'i e
and PNNL. The' modclmg '
following key activities w

¢ Impacts on Drinking Watéi*Syste &
contaminant plume transport

¢ Composite Analysis being performed in res y
Board recommendation 94-2

» Hanford Remedial Action and Comprehené
Statement

The following summary focuses on groundwater modclmg being done'to suppor
evaluation of groundwater impacts and does not specifically discuss risk assessmu
methodologies being used to support cleanup of soil contamination at many CERC:
in the 100 and 200 areas. Much of this type of remediation work at the Hagfosd Site hasi
been supported with the implementation of a dose assessment methodolog}z tesommended
for deriving site-specific soil remediation guidelines called RESRAD g e
National Laboratory (Yu et al. 1993). E

2.1.1 Hanford Site-Wide Groundwater Remediation Strategy

Site-wide groundwater modeling has been performed to assess groundwater remediation
alternatives, to support planning and implementation of remediation alternatives, to support
risk assessments, and to evaluate the impact of changes in the groundwater flow field.

This particular modeling activity is summarized in detail in Law et al. (1996) and
Chiaramonte et al. (1996).



Geologic and hydrogeologic conceptual models were based primarily on a synthesis of data
and information presented in previous studies. The conceptual model involved defining
properties and spatiai distribution of the major geologic units in the Ringold and Hanford
formations and defining the surface of the basalt bedrock.

Recharge to and discharge from the unconfined aquifer were based on previous studies.
Recharge was assumed to occur from the Cold Creek and Dry Creek basins and not from
the surface or from the confined aquifer. Discharge to the Columbia River was modeled.
Artificial rechargg:from site operations was based on available reports.

data fromn aquifer tests reported in previous studies were used.
tpomt measurements to the areal values consistent with the

%'for the pre- Ml
formation and three for the Ringold formatlon Eiemg\t size va; T

vertically homogcneous

Hydraulic conductivity and porosity varied spatlally in the honzont idirection. I
assignment of conductivity to elements was based on observed aquifer test data. *
Conductivity was isotropic in the horizontal direction. Vertical hydraulic condyg
were set to one-tenth the horizontal vajue for each element.

Calibration was carried out by adjusting assigned hydraulic conductivig ) Vmg for the
steady-state flow field, and comparing the model results to the averagé§iater level
measurements from 1976-1979. Transient flow simulations of 14 years‘were also carried
out during the calibration, with comparisons of the hydraulic head field during 1988 and
1993 also used to evaluate the numerical model. Finally, a simulation of tritium transport
was carried out for the same 14-year period to further evaluate the calibrated model. Tritium
concentrations from 1979 were used as the initial condition The mean residual was
calculated for the calibrated model using water level measurements at 124 wells.

The calibrated groundwater model was used to predict water table elevations and
contaminant transport for several key contaminant plumes (tritium, iodine-129, uranium,
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technetium-99, nitrate, carbon tetrachioride, trichioroethylene, and chloroform) for 200
years using 1995 data as the initial condition. Initial sources in the 100 and 200 areas were
modeled. The only sources of future releases of contaminants considered during the
simulations were for tritium, which considered releases from the Effluent Treatment
Facility (ETF), and for carbon tetrachloride, which considered releases from the 216-Z-9
trench. Limited sensitivity analyses were carried out to provide some estimate of critical
parameters and the effect of uncertainties. For those contaminants that contribute to risk,
an estimate of cumulative risk was made using the industrial and residential scenarios
defined in HSRAM (DOE/RL, 1995d).

2.1.2 Enviroiistiental Restoration Disposal Facility

past practice units at the} 3 si:disposal facility is expected to receive only
remediation waste which are expggteditaiconsist of hazardous/dangerous wastes,
polychlorinated biphenyl (PCB) wast¢, asbestos waste, radioactive waste, and mixed waste
(containing both hazardous/dag§¥feiss and radioactive waste). A large portion of the waste
fing:Eig:Columbia River where operable

in the ERDF are expected to omgitate from aregs gl

unit records of decision (RODs) &re expecled
volumes of remediation-generated wzs

As part of the RI/FS, a fate and transport moded:3
concentrations at the ERDF boundary. Model pi&
1) Hanford site background concentrations to idet
background and 2) were also compared to risk-bagi
a list of contaminants of potential concern. HiE

contaminants having a travel time in excess of 10,000 years were not considered ]
groundwater contaminants.

This analysis used a fate and transport spreadsheet model that was developsidirepresent”
hydrogeological conditions of the ERDF site, the physical and chemical#igi¥perties of the
waste form, and the fate and transport properties of each contaminant édpgtituent. The
estimation of these parameters relied first on the ERDF-specific information and then on
Hanford Site background information, when available. Saturated zone parameters inciuded
1) the average hydraulic gradient estimated at ERDF (0.0035) from water table conditions
in December of 1991, 2) saturated hydraulic conductivity of the uppermost aquifer (30
m/day) estimated from pump tests results from wells near the ERDF, 3) an assumed
saturated zone porosity of 0.30, 4) saturated zone density of 1.6 kg/L., and 5) a saturated
zone mixing depth of 5 m.




The methodology described above and summarized in more detail in Appendix A of
DOE/RL (1994b) was used to evaluate in more detail the various alternatives considered in
the RI/FS including: 1) a no action alternative and 2) a series of alternatives focusing on
specific design characteristics associated with the- implementation of the ERDF. The latter
set of alternatives considered the impacts of implementing various combinations of liners.
low-infiltration soil barriers, RCRA-compliant barriers, and the Hanford Protective Barrier.

2.1.3 100-Area Remediation Activities

A number of
focused feasg
here inqln '

g:activities has been carried out recently in the 100 Areas to support
Zs.and interim remedial actions. The activities briefly summarized

ition of strontium-90 transport from the 100-N Area liquid
aste disp cilities (LWDF’s)
ialuation ot the N-Sprifigs barrier and pump and treat system
i tadiss i:he 100-H, 100-D, and 100-K areas
iction for the 100-H, 100-D, and 100-K areas.

[ 2 100-N Area to estimate the effect of the LWDF
:nfined aquifer at the shoreline of the Columbia River

______ jed estimating dose:aidler a no-action alternative. Water
levels were expected to changegiven the cessati fasges to the LWDF.

VAM2DH was used to simulate a tw:
saturated zone. A simiiar study using &:3inde hiad been previously carried out for the
100-N Area (LLu, 1990). PORFLOW-3 was ust
dimensional domain consisting of the unsaturated
Reasons given for using both models were compliii¢e with inaJshg
maintenance procedures and previous use at theiHaiford Site

by 34 by 34 grid cells).

The Columbia River was modeled as a constant head boundary that wis allowed’
over time according to the observed seasonal change in river elevation. The bottg
mode| domain was a no-flow boundary, representing the upper mud unit of thé 3
formation. A small, constant flux was applied at the top boundary to repr fong-termys
average recharge of 5 mm/yr. The remaining three sides of the domain weéreigonstant head
boundaries, with the head values set to result in a gradient across the .dggiggin of 0.00095,
the observed gradient in 1964 (the year discharges to the LWDF begari};iThe discharge of
water and strontium-90 from the LWDF was based on available data. Discharges were
estimated for those years with no data.

Since the model explicitly simulated flow in the unsaturated zone, moisture retention
characteristic parameters were required. These were estimated from ten soil samples
obtained in the 100-N Area for this purpose. Parameters for each of the samples were
estimated using a curve-fitting program. Parameters from the sample judged most
representative were used in the numerical model (i.c., the unsaturated zone properties were

8



homogeneous). The average saturated hydraulic conductivities were estimated from
previous studies. Horizontal hydraulic conductivities were taken to be ten times the vertical
values. Hydraulic conductivities were assumed to be homogeneous within the Hanford
and the Ringold formations. :

Effective porosity of the vadose zone was based on the moisture retention of the
representative soil sample. Effective porosity in the aquifer was based on a previous
study. Specific yield and dispersivities were based on literature values. The diffusion and
distribution coefficients were based on previous studies of Hanford sediments.

fi:as plan and cross-sgetional views of the water table
elevation and the strontium-9¥:oncentration. Travedpathk. were also shown. The
simulation was carried out from1964 (the stast
Strontium-90 concentrations at the riyeg
calculate doses. '

2.132

barrier wall, with and without a pump and treat system.

Two codes were used in this modeling activity. Flowpath was used to mod :
dimensional groundwater flow in plan view. PORFLOW was used to medsi::P flow arid
transport in cross-section. Both codes use the finite difference method. ‘models
looked at saturated flow only (i.e., flow and transport in the unsaturategiZome were not
considered). Both models used Cartesian grids with variable node spacifig. The plan-view
model based on Flowpath used 1334 nodes with cell size varying from 25 feet by 25 feet to
1000 feet by 500 feet. The cross-sectional mode! based on PORFLOW used 5100 nodes

with cell size varying from 0.25 feet by 2 feet to | foot by 2 feet.

Steady-state flow conditions were assumed for both models. Although the daily and
seasonal variation in the Columbia River stage was acknowledged, it was assumed that the
presence of the barrier wall would lead to steady-state conditions in the region of concemn.
The head along the river boundary was set at the mean yearly river level from automated.

9



hourly measurements during 1992, taking into account the measured downstream river
gradient. A no-flow condition was set along the vertical barrier wall. For the plan view
model based on Flowpath, the top and bottom boundaries were no-flow (i.e., recharge and
discharge to/from the confined aquifer were assumed to be nil). Sensitivity of the model
results to a non-zero recharge was examined. The remainder of the boundaries were
assumed to be constant head boundaries with individual noda] head values determined from
an interpolated map of March 1994 water level measurements.

For the cross-sectional model based on PORFLOW, an assumption was made as to how
high the steady-stgte water level would be in the presence of a vertical barrier wall. This
assumption was .on the results of previous modeling. The water level value arrived
at was app]w @pegradient boundary for those cases in which a barrier was used.

_ bouﬂél&'ﬁcs were no-flow as was the down-gradient boundary representing
fag:ander the river.

icross-sectional model based on PORFLOW used constant
¢verywhere. Initial conditions for the transport set the relative

e top 20-féc& of the aquifer and to zero elsewhere. The transport

i 2 ed on previous reports that strontium-90 is limited

Th _sport portion of
concemmhen bound
concentratioiEtn. o
boundary aridi#
to the top of the iinconfin

All parameters were agg
upper gravel unit and!thi

in the gravel unit was titken as th
Vertical hydraulic conductivity
conductivity in the mud unit W ;

e modeled. Horizontal hydrauhc conducnv:ty
iprgeiValue from six aquifer tests in the 100-N Area.
taken as one- -tenth the honzontal value The

nstant and was based on existing
ficient for strontium—90 was

one-tenth the size of the gnd cell. Transverse dl&pﬁéWlt){ \ anth
longitudinal value. i -:.;55,--

A number of remediation altemnatives involving vertical Barrier wall§pfdi
and various number of pumping/injection wells were simulated with the plan vre‘_'
Strontium-90 concentrations at the river were estimated from calculated travel AL
interpolated initial concentrations. The extraction wells were found to have
on the flux of strontium-90 into the Columbia River. The effect on strontii
varying the position of the bottom of the barrier water (from 1.2 m int ‘gad unit to 0.6
m above the mud unit) was examined with the cross-sectional model i

2.1.3.3 Bank Storage Modeling at 100-N Area

Previous modeling studies have been conducted at the 100-N Area to estimate the release of
strontium-90 from groundwater to the Columbia River (Lu 1990; Connelly et al. 1990;
DOE/RL 1995¢, 1996a). All of these previous studies, except for Connelly et al. (1990),
assumed a constant head boundary for the Columbia River based on the annual average of
the river. Annual, seasonal, and daily changes to the Columbia River’s stage are cyclical

10



and modeling the river on an annual average may not adequately describe the interaction
between the Columbia River and the groundwater system at the 100-N Area.

A recent report by Connelly, Cole, and Williams (1997) documents modeling results from
a recent application of a two-dimensional cross-sectional model of the Columbia River,
unconfined aquifer, and vadose zone in the 100-N Area. The model, based on the
Subsurface Transport Over Multiple Phases (STOMP) code { White and Oostrom, 1996,
1997; Nichols et al., 1997) was used to simulate the interaction between the rise and fall of
the Columbia River and the unconfined aquifer and the capillary fringe directly above the
water table in the:00-N Area.

The CIOSS-58) b :=-l§sed consisted of 10,286 cells extending about 400 meters

vical sequence modeled ranged from an
here the base of the model was assumed to

and to a time-
:based real-

time water level data recorded for well 199-N-%7
» The left boundary in the river was set as a no ﬂow.:boundary

¢ Nodes on the river bed were set to a time-dependent constant head boung¢
real-time river stage measurements made at the 100-N Area river monitéi

Initial estimates of hydraulic conductivity and porosity were develop' ed on aquifer
tests and soil analyses collected near the 1301-N and 1325-N facilities. “Estimates of the
unsaturated zone hydraulic properties were also made using available information on
hydraulic conductivity, particle density, specific storage, porosity, and the assumed van
Genuchten curve fitting parameters. The estimates of hydrauiic conductivity and porosity
were varied to calibrate the model] to transient observed water level measurements in wells
between the Columbia River and wel]] 199-N-67.

A 125 hour transient simulation was used to develop initial conditions for a four-week
period of simulation. During this period, the model was used to simulate the transient

Il



interaction of the Columbia River and the unconfined aquifer 1n one-hour time steps.
Because of the large volume of data generated by the simulation, the modeling results werc
summarized in an innovative time-series animation of river stage and aquifer head
fluctuations during the period of simulation. This animation was used to display changes
in water travel times in the riverbank and water flux calculation to and from the Columbia
River due to both bank storage and regional groundwater gradients.

Results of the modeling demonstrate that the variation in Columbia River stage has an
impact on the near river unconfined aquifer system. A comparison of transient and steady
state water particl:tracking analysis showed that consideration of the cyclical transient
conditions of thiiE¥#i.can increase water velocities over velocities calculated for steady
state Condltl_ﬂ d "mass calculations also demonstrated the importance of bank storage

and ¢). The modeling:
measure of remedlatlanaffectwe.
each of the areas withi¥i'the two of
modeling based on its ability to siii

¢ used for dcmgn purposes or for quantlfymg a
;flency Separate models were developed for

Natural recharge was assume
recharge value of 7.3 cm/yr was used i

layer for the aquxfer was used. The hydraullc conductwny was umform except f’
area around a set of four wells. For the 100-H Area model, a second layer rep,f'_'_'
Ringold formation was added to improve the calibrated fit. Different condugtisig]

was deterrmned in the calibration. The River Package in MODFLOW ’ﬁms;':uged to model
the river.

A sensitivity analysis of the 100-D Area transport mode] was performed to gauge the
sensitivity to porosity, dispersivity, and retardation. A calibration of the 100-H Area
transport model was performed by adjusting model dispersivity, retardation and porosity.
A table was provided listing the parameter values used in the calibration runs. Observed
chromium concentration data from October and November 1992 was used to evaluate the
calibration. The parameters resulting in the lowest mean error were used.
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Various modifications to the basic model were made to simulate each of the remediation
alternatives, including the modification of conductivities (to represent a barrier wall) and the
location and pumping rates of mjccnon/dlscharge wells. Simulation times varied from 14
to 21 years. :

2.1.3.5 Interim Remedial Action Design in the 100 Areas

Additional modelg:were developed of the 100-HR-3 and 100-KR-4 operabie units to help
determine the plag&ifient of new wells and the use of existing wells to support the pump and
treat interim: idli#¢tion, and to estimate extraction/injection rates for dc51gn (ERC.

. The flj i:hrough the river boundary was calculated as
ﬁ!;e river and the aquifer and the difference in

and on a water table map of June 1995. Thé'Battom i
Ringold contact for the 100-H Area mode] and
Ringold formation at 100-D.

Hanford!ngold contact data. Transmissivities were therefore spatlally variable’
Calibration was conducted using a steady-state flow model and comparing predig
observed heads for 1/94 to 8/95. The resistance term between the river and |
varied.

For the 100-D Area model, aquifer thickness was assigned a uniformyi because there
was insufficient data to support a spatially variable thickness. Transmissivity was based on
a weighted average of the Ringold and Hanford formation conductivities, which were
average values from limited aquifer test data. Weighting was by the estimated thickness of
the Hanford and Ringold formations. Calibration was conducted using a steady-state flow
model and adjusting the constant head values at the boundaries and attempting to match
water level data from 6/93 to 5/95.
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For the 100-K Area model, thickness and transmissivity were assumed constant.
Conductivity was based on limited aquifer test data. Calibration was similar to that used for
the 100-D Area model.

Steady-state flow fields were calculated for the 100 D and 100-K ‘Area models. Five-year
transient simulations were carried out for the 100-H area. Streamlines and capture zones
were calculated for a number of pump and treat scenarios (different well placements and
injection/extraction rates). No simulations of contaminant transport were conducted, but
concentrations in the 100-D Area were estimated based on the flow model resuls.

nediation Activities

ives of this study were to evaluate alternative interim remedial
] fits or expansions of interim actions, and to help choose a final
remcdy Ad:ﬁm(?'...‘. gific objecx&gs,were to assess impacts of changes in the water table
elevation, to evalixte well confis #is.for the pump and treat, to design and evatuate
monitoring networks, to evalig dranlﬂ: control and containment, and to predict

&4l for the following stated reasons. It was being
2 200 Area results could be more easily

The finite element method used by VAM3DCG
g XYAM3DCG’s use of transitional
frid in areas with less steep
'ﬁ_?iowdes an efficient means to

integrated into the larger scale m
allows for non-rectangular ele ;

Hanford Site.

The final three-dimensional grid used to modcl th West Area_ 419,383 elements,
ranging in size from 600 m to 9.5 m in the horizogi#l:direction. .
was made up of six elements, equally divided aveziihe depth o
each node location in the horizontal plane.

based on the June 1993 water table map. Artificial recharge from site operatlo '
applied at approprnate locations, but the natural recharge was assumed to be;#

rechaljge was gradually reduced. Recharge fluxes were based on prewous studies.

Hydraulic conductivities were assigned based on a previous study (Connelly et al. 1992b)
modified by more recent data. Where data did not exist, average values were used,
Conductivity was uniform i the vertical direction except in a region where the aquifer
becomes quite thin. Four of the elements in the vertical direction were made inactive in this
region to avoid computational difficulties. Conductivities were isotropic in the horizontal
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plane. Vertical conductivity was assigned a value one-tenth the horizontal conductivity. A
spatially uniform effective porosity value was used in the travel time calculations.

The transient simulation (with decreasing artificial recharge) used the steady-state
simulation results as an initial condition for 1976. The simulation results were qualitatively
compared to the June 1993 observed water table. Significant differences in the predicted
and observed heads were noted, but no boundary conditions or parameter values were
adjusted to provide a better fit.

Capture zones usiﬂ' one pumping and one injection well were calculated for various well
faifity .up to 150 days. In addition, the uncertainty in the spatial

distribution af¥ .;fi‘a' conductivity was recognized and a single simulation was carried

; ‘fe located near a boundary between a high conductwny and a low

lands and facilities shou]d be reméﬂ; 1
to the new mission, the Rlchland E o 1=ronrnental Restoration Pl’O_]CCt Plan was dcveIOped 1o
provide information about the, s#i#8¥0n needs and ob'ecm gs, technical planning, project
schedule, and resource plannif Tiecessary for iof past-practice waste sites and
surplus facilities.

The role of the EIS was to document; ;
best combination of potential land uses, reme: itio
Through the EIS, the DOE responded to the neég

i, the process of determining the
efits, and remediation costs.

-

» evaluate the potential overall cumulative i lmp

Environmental Restoration Project Plan, mcludmg c

 ensure that site-wide future land-use objectives are conmdered durmg the séfg
remediation methods

* develop a comprehensive land use plan for the Hanford Site in accordangs
Order 430.1, Life-Cycle Asset Management

* identify the irreversible and irretrievable commitment of natural resgiifces necessary to
implemnent the Richland Environmental Restoration Project Plan.

As a part of this EIS, environmental consequence analyses were performed to evaluate the

potential impacts of various land use alternatives. The future land-use alternatives
considered are described as follows:

e Unrestricted Land Use. Residual contamination does not preclude any human
uses; however, access or certain uses might be controlied for other reasons, (e.g.,
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physical hazards, cultural resource protection, habitat protection).

s Restricted Land Use. Residual contamination precludes some human uses:;
restrictions could apply to the use or disturbance of surface soils, subsurface soils.
surface water, or groundwater.

o Exclusive Land Use. Potential health risks due to residual contamination would limit
use and require strict controls on access. Use of the area would be limited to the

(Droppo1991), whlch was ] bed byitiie, PNNL. Modeling results from multlplc cells
were combined to cs_tlm"' i cﬁn;anunam i;o

were complled from thiéWaste I :
Tracking System (SWITS), and H

terms. contaminant transport mccharifsms Exgpl;ss
calculate nisk or hazard index from a given exp
estimate nsk.

paths were then used in MEPAS to describe the travel paths from waste site

To generate path-lines for input to MEPAS, the unconfined aquifer at the }
simulated with the two-dimensional version of the Hanford Site groundwii

(Wurstner and Devary 1993). This model is based on the Coupled Ffj _,:fhergy and
Solute Transport (CFEST) (Gupta et al. 1987) groundwatcr code intefdited with an
ARC/INFO database of site properties. The model is used to support work for the Hanford
Groundwater Monitoring Project.

The commercially available geographic information system (GIS) ARC/INFO has been
integrated with the CFEST groundwater modeling code (Cole et al. 1988; Gupta et
al.1987). A series of ARC/INFO macro routines and PORTRAN utility programs have
been developed to create an ARC/INFO-CFEST interface. For example, an ARC/INFO
macro may be used to select elements that represent starting points for particle travel
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analyses. A FORTRAN utility program would then generate a command file used to
execute the CFEST travel path module. Another ARC/INFO macro has been written to
create a triangular irregular network surface from CFEST output from which contour maps
can be generated. Additional ARC/INFO macros for grid generation and parameter
assignment are being used in support of the three-dimensional model development under
the Hanford Groundwater Monitoring Project.

2.1.6 Hanford Groundwater Project

Groundwater m_gduhng is being used to actively support key objectives of the Hanford
Groundwater P¥gijectwhich include 1) to identify and quantify existing, emerging, or

wasinsed to evaluate the impact of
Hs m:3lie unconfined aquifer. The model
was used to predict water-level declines in selégi Is in the opct-‘amng areas (100, 200,
300, and 400 Areas) and the 600 Area. i

CFEST code, was developed for the Hanford Site to support the Hanli%'i'd Groundwater
Project managed by PNNL (Thorne and Chamness 1992, Thorne et al. 1993, Thorne et al.
1994 and Wurstner et al. 1995). The model was developed to increase the understanding
and to better forecast the migration of several contaminant plumes being monitored by the
project.

Recent modeling efforts have focused on continued refinement of an initial version of the
three-dimensional model developed in 1995 (Wurstner et al., 1995) and its application to

17



simulate future transport of selected contaminant plumes being monitored in the aquifer
system. This version of the model was updated using a more current version of the
CFEST code called CFEST-96.

In this conceptualization of the unconfined aquifer system, the lateral extent and
relationships of the major hydrogeologic units of the Ringold and Hanford formations were
defined. Contacts between these units were identified at as many wells as possible. These
interpreted areal distributions and thicknesses were integrated into EarthVision, a three-
dimensional visualization software package, which was then used to construct a database of
the three- dlmensmnal_ site conceptual model. The resultmg conceptual model contains nine

the rc-cahbmilm;
calibrate it wrﬂz

conditions.

The transient behavid _ trial flow model was also calibrated by adjusting
model storage properti€s’ (spec1f1c‘; gjizndi] transient water-table predictions
approximated observed water-table nl;:vauons bctwecn 1979 and 1996. Following the
steady-state and transient calibed¥jons.

model results showed that the water table will d'.'_'
and 7to 8 m in the 200~East Area near B Pond ;

and south of this lme to become hydrologically separated. As a resul€i f!&w‘ paths from the

200-West area and the northern half of 200-East area which currentiy eXtend through the
gap between Gable Butte and Gable Mountain may be effectively cut off in the future. In
time, the overall water table, including groundwater mounds near the 200-East area will
dec]ine, and groundwater movement from the 200 Area plateau will shift to a more west-t10-
east pattern of flow toward points of discharge along the Columbia River between the Old
Hanford town site and the Washington Public Power Supply System facility.
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Table 1. Major Hydrogeologic Units Used for Three-Dimensional Model
Developed by PNNL

Unit
Number Hydrogeologic Unit Lithologic Description
1 Hanford formation/ Pre- | Fluwial gravels and coarse
Missoula Gravels sands
2 Palouse Soil Fine-grained sediments and
eolian silts
Plio-Pleistocene Unit Buried soil horizon
containing caliche and
basaltic gravels
pper Ringold Mud Fine-grained

fluvial/lacustrine sediments
Semi-indurated coarse-
__grained fluvial sediments
Fine-grained sediments with
some interbedded coarse-
_grained sediments
Coarse-grained sediments

Lower blue or green clay or
mud sequence
:Fluvial sand and gravel

Area plateau. Each of the transport siniulations:¥ i¢d on the prcdlcled future transient-
flow conditions, and a high-resolution, finite-elégs
caiculations in the areas of current and future cong

impacted by elevated levels of iodine-129. Model-predicted levels of iddine-129 suggest
that, within 20 to 30 years, iodine levels in excess of 1 pCi/l originating from the 200-East
Area would be found about halfway to the Columbia River. The iodine-129 plumes
originating from 200-West Area will be expected to migrate slowly toward 200-East Area
but model results suggest that Jevels in excess of 1 pCi/l would not reach 200-East Area
within 30 years.

Projected future levels of iodine-129, technetium-99, uranium, and strontium-90 show that
none of the identified water supplies on the Hanford Site, including those in the 200-East
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Area near B-Plant and AY/AZ tank farm, will be impacted by future transport of these
contaminants.

2.1.7 Composite Analysis

In response to Recommendation 94-2 of the Defense Nuclear Facilines Safety Board
(DNFSB), DOE has directed fieid sites to include in site performance assessments an
analysis of the impact of other radioactive sources that could add to the dose from active or
planned low-level waste (LLW) disposal facilities. In response to this, an initial composite
analysis of the anford Site was initiated in FY 1996 and is currently being conducted as

part of the Hanf yundwater Project. This composite analysis is focusing on the 200
Area centr il bediuse of the variety of LLW facilities (e.g., 200 West and 200 East
burial gr #{ LW Tigm.tank wastes, and the ERDF trench) impacted by the DNFSB
recomsfgikations. A draffdocument summarizing this initial assessment is scheduled to

contaminants fromi i REE
expected to contribute to the
sources. Forecasts of reh:

_faClll[lCS and graph:tc cores
' 1::Aigroundwater modeling strategy
v "Fram %10 be modeled, the sources and
used for calculating both the
Hort simulatiops in the unconfined

radionuclides to be included, and the’ fy;ies
releases to the water table and long term flow
aquifer.

steady-state conditions within 100 years; final steady state would be re

__dﬂ)y the year
2500. '

Forecasts of concentrations of key radioactive contaminants simulated in the transport
calculations provide the basis for final dose calculations using standard dose conversion
methodologies and exposure scenarios and parameters identified by the HSRAM (DOE/RL
1995d). Dose impacts from the existing plumes and future releases of contaminants are
being assessed in the area outside of the waste management exclusion areas and the
surrounding buffer areas established by the Future Site Uses Working Group. Potential
dose impacts to the public after site closure in 2050 for four potential exposure scenarios

20



derived from HSRAM (the agricultural, residential industrial, and recreational exposure
scenarios) are being evaluated.

Because of the large uncertainties anticipated in eurrent estimates of waste inventories. final
end-states of many LLW disposal facilities, and the future releases of contaminants to the
aquifer from the variety of potential sources in the 200 Area plateau this initial composite
analysis is being viewed as a first iteration that will require revisions and refinements as
records of decisions and end-states of facilities are negotiated under the Tri-Party
Agreement framework. The next iteration of the Composite Analysis is currently planned
to be conducted starting FY 1999,

i Yakaméizidian Nation, the Hanford Advisory Board,
HENSTRY, t '

Orcgon State Departmg
formed in August 19455

The CRCIA, under agreement a yon g the CRCIA Team, was conducted using a phased
) components: I) a screening
:;ing from current levels of

to prov1de an acccptab]e comprehensﬂl. :g§sessment. Both components of the
1. Of relevange to this effort is Part
2 of the CRCIA report, which described the rcq& L olumbia River
Comprehensive Impact Assessment. A brief symﬂﬁis of thes

to site-wide groundwater modeling, is providegd:helow.

in groundwater and determinations of travel times to and concentratiésis of contag
the Columbla ijer in addmon the uncertainty in these quantities must be asse
dependence of these characteristics on soil type, groundwater chemistry, anik prcsem;é—'??f‘
of other contaminants. Radioactive decay must also be included where

The CRCIA requirements express a concern for the spatial varlablllty igroundwater influx
to the Columbia River, whether through seeps, springs, or the river bottomn, and the effect
localized hot spots of contamination might have on river biota. In particular, groundwater
influx locations must be identified and the expected contaminant flux at these locations
estimated. This requires an understanding of the interaction between the river and
groundwater and a spatial discretization that provides a realistic representation of critical
points of exposure.
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A number of scenarios are required t¢ be examined in the CRCIA analysis. These include
modeling the groundwater recharge rate in such a way that the impact to the river from
Hanford is maximized. Similarly, dilution of contaminants in the groundwater should be
modeled to maximize the impact. :

CRCIA requirements include an explicit, quantitative evaluation of the uncertainty in
predicted impacts. This inciudes considering the uncertainty in the timing and magnitude of
predicted peak concentrations. An explicit, documented definition and validation of model
structure and the parameters used are required. When local-scale models are used, they
must be consxstenr.}y integrated with the larger-scale models, including the use of consistent
boundary con;im ; d the maintenance of conservation laws across scales.

j3#e:a number of software requirements on the design,
ccél& These include code verification and validation,

Site associated with the ETF
¢ solid waste environmental impact statement

2.2.1 Performance Assessments of Solid Waste-Burial.G
Areas

Since September 26, 1988, performance assessment analyses have been
Order 5820.2A to demonstrate that DOE-operated waste disposal faciliti ,
DOE-generated low-level radioactive wastes can comply with performangigisbjectives
quantified in the order and summarized in Tabie 2. Two separate perfafffiance assessments
{(Wood et al, 1995 and 1996), that have included use of groundwater modeling have
recently been completely for new solid low-level waste disposal facilities located in the 200
East and 200 West areas. The following is brief description of the scope and specific

groundwater modeling activities carried out to support these analyses.

The performance assessment of the 200 East Area low-level burial grounds (LLBG)
examined the long-term impacts of LLW and radioactive constituents of the low-level
mixed wastes (LLMW) disposed in waste burial areas in two locations: 1) the active 218-
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Table 2. Performance Objectives Used in the Performance Assessments of the 200
Solid LLW Burial Grounds

Exposure Pathway Time Period (yr.) Performance Objectives

All pathways less than or equal to 10,000 | 25 mrem/yr.

Drinking Water.:::

less than or equal to 10,000 | 4 mrem/yr.

‘ground and adjicent burial grounds in the northwest corner of the 200 East
) the active 218_45-12B burial ground and adjacent inactive burial grounds

12B dlsposal fﬂcﬂ H%
before September 26, 1988

The performance assess
examined the long—term

Area. Burial grounds considered.
W4C, and 218-W-5. Low-levek s dlsposed in retired or inactive bur1al grounds
before September 26, 1988, C2 W-2, 218- W-4A- -4B, and 218-W-11) were not

pathways exposure in which 1) radionuclides ate

from the dséposal and are
subsequently transported by infiltrating water thg

_:__E'the vadosg; 'Eb::the underlying

contaminated water, crops milk, and beef, dlrect cxposul,'e gaFia
radionuclides in soil, and inhalation of contaminated digstThe secohi. exposune ienario
involved a drinking water scenario where only ingestiofs:of contamttﬁf&d water f§i
unconfined aquifer was considered. K

radionuclide activity mixes with the volume of groundwater determined by the regional
flow characteristics to flow beneath the facilities. To represent these processes, Wood et al
(1995 and 1996) assumed that the waste volume representative of the total wastes disposed
in the LLW facilities could be approximated by a three dimensional rectangular box
projected onto a two-dimensiona! plane oriented parallel to the general direction of
groundwater flow.

23




The numerical representation of this conceptual model was established in a two-
dimensional cross-sectional model based on the VAM3D-CG code developed by Huyakorn
and Panday (1994) that extended from the disposal facility to the uppermost 5 meters of the
unconfined aquifer. The position of the water table in the cross-section was estimated
using the site-wide model developed for use in the performance assessment (see appendix
E of Wood et al., 1996). The mode] was used to estimate steady-state post-Hanford site
conditions underiying the various LLBG areas.

The radionuclide release modeling results for the representative two-dimensional cross-
section were extrapiglated to different waste volumes and waste inventories. The following
points are key f the extrapolation process:

advective releases w
throughout the wass

e solubility-controlled rcleasesmwil
concentration in contaminated watéfie
not proportional to the inventory; it i
concentration, the infiltration rate ang:

occurring. '

At ._..ﬁ’ux is prog i
the inventory, the area-to- volume ratio of individual contdiners, and tke

diffusion coefficient.

e The volume of groundwater that mixes with the radionuclides relcased."
is proportional to the linear dimension of the waste volume footprigti
perpendicular to the direction of flow. Relatively little dispersion‘is liowed in the
model and the area over which the groundwater and the contaminan¥'plume intersect is
essentially the same as that of the area underneath the waste volume. The orientation of
the areal footprint of the waste volume relative to groundwater flow remains constant.
Thus, as the linear dimension of the footprint perpendicular to flow decreases or
increases, the volume of mixing groundwater increases or decreases.
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2.2.2 Liquid Effluents Program Support

Under the Hanford Site State Waste Discharge Permit Program, the site discharges treated
cooling and wastewater to the soil column at several locations in accordance with the
Washington State Administrative Code (WAC) 173-216 and DOE Order 5400.5.
Individual discharges permits include the following sites:

groundwater used in the ongmal permit one year afte fig
groundwater.

support this reevaluation of groundwater monitoring and facnl:ty performam‘
wide model was used to simulate transient flow for the Hanford Site overighe!
200 years. These predicted flow conditions were used to provide bousid i¥onditions for
a highly refined and detailed three-dimensional sub-model of the uncof¥f§fied aquifer in the
immediate vicinity of the SALDS.

A comparison of results from a number of numerical models applied to ETF in the past
indicated that earlier predictions of facility performance which showed tritium migration
from the SALDS reaching the Columbia River, were too simplified or overly conservative
in their assumptions of source term release. The most recent modeling showed that, when
reasonable projections of flow and tritium discharges at SALDS are used, concentrations of
tritium above 500 pCi/] migrate no further than 1.5 km from the facility.
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2.2.3 Solid Waste Environmental Impact Statement

DOE has announced its intent to prepare an environmental impact statement (EIS) for the
Solid Waste Program at the Hanford Site. The Hanford Site Solid Waste Program manages
several types of solid wastes at the Hanford Site, including low-level, mixed low-level,
transuranic and mixed transuranic, and hazardous wastes, and contaminated equipment.
Mixed wastes contain radioactive and hazardous components. Other solid waste types (1.,
municipal solid waste, high-level waste, remediation waste) and spent nuclear fuel are

comprehenswcly analyze
lncludlng potential ci i

pcrsonne! from Jacobs Engmeermg Group, Inﬁ i i
Company (LMHC). The modeling activities sufg
following key TWRS projects:

'ied mcludc ;% :assocmted with the

» TWRS Environmental Impact Statement
* Hanford Tank Initiative . i
e Performance Assessment of the Hanford Low Activity Waste Digposal Faci .

2.3.1 TWRS Environmental Impact Statement

This environmental impact statement addresses actions proposed by ¥ manage and
dispose of radioactive, hazardous, and mixed waste within the Tank Wigte Remediation
System program at the site (DOE 1996b). The waste includes more that 177 million curies
in about 212 million liters of waste stored or to be stored in underground tanks in the 200
Area plateau. This EIS also addresses DOE’s plans to manage and dispose of 1930
capsules containing 68 million curies of cesium and strontium.

As part of this EIS, environmental consequence analyses were performed to evaluate the

impacts of a number of tank waste management alternatives including continued
management alternatives with no retrieval, minimal retrieval alternatives, partial retrieval
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alternatives, and extensive retrieval siternatives. The groundwater part of the consequence
analysis evaluated contaminant transport through the saturated unconfined aquifer using the
aquifer model based on the VAM2D code (Huyakorn et al. 1991) at each of the eight tank
source areas and the LAW disposal facility.

A conceptual model was developed for the unconfined aquifer that included Hanford Site
stratigraphy, the upper and lower aquifer boundaries, and a table of material units and
corresponding flow and transport parameters. The conceptual model was used to guide the
setup of the numerical model. A grid spacing of 250 m (820 ft) was established for the
Hanford Site and.gxerlain onto a site map containing physical features and the source area
boundaries. Noﬁ inbers of model boundaries (e g, basalt outcrop and sub—crop areas,

‘of the principal bases for the groundwater impacts
assessment, was dcve]oped usizig:Biecember 1979 site-wide water level measurements
because it was determined (Wast#er and Devary $at this data set was most
representative of steady-state conditions. 1Jsirig: Hif§:data:s8( also meant that the mounding
mouading was recognized as a present-
43¢ veralidegades with changes in the site
pverall groundwater concentration

fds in place because

lﬂtmg in h;gile:r SOTICE
6:unconfigied:aquifer to

provides conservative, comparable results for each alteffiative, espetiaﬂy in hg
uncertainties of waste disposal practices and how they would affect the present
groundwater mounds, future land use such as irrigation to the west of the site agi
site, uncertainty in the depth of contamination in the unconfined aquifer, and"
change.

Once the initial flow modeling was completed, input files were develdgsito perform

transient transport modeling from each source area for each of the alternatives. The results
of the vadose zone modeling were used to develop input records for the groundwater
model. Consequently, each groundwater simuiation calculated contaminant levels in the
unconfined aquifer resulting from a single source area. These were later combined during
post-processing to represent contaminant levels from all source areas.

The approach of performing separate contaminant transport simulations for each source
area and each Kd group and later combining the results during post-processing allowed one
model simulation to represent all contaminants with similar mobility from one source area.
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2.3.2 Hanford Tank Initiative - AX Tank Farm Retrieval Performance
Evaluation Criteria Assessment

A screening level sensitivity analysis using the MEPAS code was carried out with the stated
purposes of identifying and ranking transport parameters and evaluating the importance of
transport processes in the vadose zone (JEGI, 1997). The screening analysis was intended
to help focus development of more detailed two- and three-dimensional models and to help
define the data needed to reduce uncertainties in the risk assessment process.

advantage
wide appilica
of che‘ .

The structipte of the
dimensiona¥ flgw
nine-layer vadose:
based on data from a numbe
and Freeman, 1995). Disgti
were obtained from the satise:di

model: the influence ‘Gsi:§ransport:
preferential transport via the annulagsp
enhanced infiltration around the ti
The restrictions of the MEPAS i

mechanisms. B

alidf¥iative remediation and closure
iFis a two-dimeftional site-wide

Project model results as a validation exercise. A preliminary draft report for DQ
scheduled for completion in April 1998; a public draft is due in June 1998

2.3.3 Hanford Low-Activity Waste Disposal Facility Perféimrance
Assessment

The Hanford low-activity waste disposal facility performance assessment provides an
analysis of the long-term environmental and health impacts of the on-site disposal of
Hanford low activity wastes (LAW). DOE/RL is currently proceeding with plans to
permanently dispose of radioactive and mixed wastes that have accumulated over the last 50
years in single- and double-shell tanks in the 200 Areas of the site. Based on the Hanford
Federal Facility Agreement and Consent Order (also known as the Tri-Party Agreement or
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TPA), waste currently stored in single- and double-shell tanks will be retrieved and
pretreated to separate the low activity liquid fraction from the high-level and transuranic
wastes. The LAW fraction will then be vitrified and disposed of on-site in a near-surface
disposal facility located in 200 East Area.

DOE Order 5820.2A (DOE 1988), which is the primary regulation governing the
management and disposal of radioactive wastes at DOE facilities, requires the preparation
of an assessment of the long-term environmental and health impacts of the proposed
disposal facility for DOE approval.

values described.

Most of the data used. #i
programs. The progk : final LAW PA of the disposal facilities based
on the more site-specific, waste-fgis:apersic, and facility-specific data that are planned to
be generated over the next two toifhsge years.

il 'prev1ously constructed grout
odified to r:::e;ve initial quantities

of vitnfied wastes from private vendors while
developed and constructed. :

intenm steps of storage and eventual dlsposal mcludmg

¢ modification of four existing concrete disposal vaults at the grout site ig:3
provide access for the immobilized low-activity waste containers

e placement of the LAW containers and filier material in the modifi¢ ts with the
intent of future disposal in the grout facility

= construction of the first set of next-generation disposal facilities at thc principle LAW
waste site

o emplacement of LAW containers into these next generation disposal facilities.

The transport analysis of contaminants from the disposal facility considered the key
physical and chemical processes causing release from the glass waste form and subsequent
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vertical and lateral transport through the vadose zone to the underiying groundwater. Once
in the groundwater, environmental and health impacts were evaluated 100 m down-gradient
of the facility and at the Columbia River. Groundwater impacts down-gradient of the site
considered the dilution of contaminated vadose zone water in groundwater and additional
dilution created by a pumping well assumed for the family farm scenario.

The ILAW PA used the PORFLOW code to model both moisture flow and contaminant
transport in the vadose zone and groundwater. Seven-codes were investigated in detail,
while an additional nine codes were considered based on earlier reviews. Although several
codes had many of:the required and desired features, the PORFLOW code was the only
code consideredii#giigve all required and desired features. A major consideration was the

i iz Grout Facility Performance Assessment (Kincaid et al. 1995).

inodel based on the PORFLOW code. Development
&model was based on the hydraulic properties used

in the site-wide model dev by BHI:based on the VAM3DCG code.
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3.0 Summary of Needs and Requirements

This section of the report provides a summary of recommended needs and requirements
identified for consolidation of site-wide groundwater modeling 1n this initial assessment.
These recommendations were developed based on a review of the objectives and attributes
of implementations of groundwater models for ongoing and planned projects within the
Environmental Restoration, Waste Management, and Tank Waste Remediation System
programs briefly described in Section 2. Comparative summaries of the status, objectives,
drivers and modglifig attributes of all the modeling activities described are provided in a
series of table 'ﬁﬁ.‘i]es:A 1,A.2, A3, and A 4) in the Appendix of this report. The

Computer Code Raqmreme

* QOther Needs and Requiremen
consolidated site wide mod
applications.

Jatéd to long-term maintenance and care of the
processes needed to foster consistency in modeling

3.1 Modeling Objectives

In defining the needs and requirements of a coii§ site-wide gmundwater model, the
objectives of the modeling study must be considgfigd: At the H e, groundwater

modeling applications have been carried out to:s _Sfy a numbg y
objectives, which also apply to future modeling® a;:phcalno

e assessment of environmental impacts involving the prediction of contammam
and dose modeling for

» site-wide assessments (Composite Analysis, Columbia Rive;
Impact Assessment}

e local-scale assessments.

e design and evaluation of groundwater remediation strategies including natural
attenuation, hydraulic control/containment and, contaminant removal/cleanup

e (design and evaluation of site monitoring networks to predict:
e fate and transport of existing and emerging contaminant plumes
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¢ transient hydraulic behavior of the water table and unconfined aquifer system in
response to changing waste management practices, environmental restoration
alternatives or waste facilities end states

s performance of groundwater remediation alternatives, and
e risk assessments

Although these modeling objectives result in different, and sometimes opposing,
requirements for the models, there are a substantial number of shared needs and
requirements.

:ﬁons (e.g., degyg,j‘
significant hydrogeologic units)¥or a numegiéiadisid
do not depend on any particular numg'

The modeling activities currently under PNNI s &Grasiiglwater Monitoring Project use a
system designed to separate the specific numeri el parametertﬁt;mates particularly
the grid and assignment of hydraulic properties, £ the interp
hydrologic characterization data (Wurstner et ajiZ#8965). A data : C
maintained in an ARC/INFO GIS that contains ll’ie;‘mform § essary’ kgdevelop
dinz gablogic datd (e g,

fop
conditions, initial conditions, locations and volumes of sources and siriks, and Tia
recharge estimates. i

in a form independent of the computer code used or the assumptions ma
modeling study. By storing this information as high resolution, regular
within the ARC/INFO GIS system, it is possible to use the model infotmiation at different
scales (e.g., in sub-models) or with different groundwater computer codes. This allows for
use of the numerical representation and computer code that is most appropriate for
simulating the problem being considered. Currently, links have been created between
ARC/INFO and the CFEST code, but creating links to other groundwater flow and
transport codes, as was demonstrated in the VAM2D implementation for the TWRS-EIS, is
possible so that a suite of codes would be available for use at the Hanford Site.
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An additional advantage of the site-wide model parameter database is that 1t can be based on
a current consensus interpretation of the characterization data and can be updated as new
data become available. The baseline geohydrologic condition is well established for the
unconfined aquifer (Hartman and Dresel 1996, Wurstner et al 1995, Law et al. 1996. and
Connelly et al. 1992a and b,). However, because data continue to be gathered and because
newly gathered data do not always fit the existing conceptual model, a continuous effort is
required to continually evaluate the data and refine the geologic and hydrogeologic
conceptual models. As active and planned disposals and remediation sites are
characterized, our knowledge grows regarding the vadose zone beneath these sites.
Sediment or containant profiles (or both) beneath several sites have been studied in recent
years and grcal‘.k'"-’ panded our knowledge of the vadose zone. Studies conducted for the
proposed gratiidispoisat:facility and the 200-BP-1 crib site, and the ongoing study of
recharge, am:'l i hydragu 1 g propertles at the proposed disposal site for low-activity waste

one conceptual model may be appropnaté Curr“' £ oonceptual model of the
unconfined aquifer at Hanford developed by thé .____"_'"ﬁlance prograiiiat PNNL includes

ten layers representing the Hanford formation, Rifigold formatiog iamid l}derlymg basalt
{(Wurstner et al 1995, Thorne et al 1993, Thome:mid'Chamne;ss':__ﬁﬁ .

includes three layers representing the Hanford formatm F i

includes an impermeable lower boundary, the basalt. nceptuﬂ model uséi i.t] support
of the Hanford Tank Initiative represents the unconfined aquifer as #gitigle layér: _
assumptions embodied in these conceptual models and the methods used to devc[ ]

should be maintained that demonstrates the consistency of all groundwater
models in use at the Hanford Site.

To summarize, the major needs and requirements for a consolidated Sﬂ
modeling program with respect to the conceptual model are as follows: ™

ide groundwater

* A common site-wide database based on a GIS, containing all the information necessary
to develop parameter distributions for use in 2 model should be used in all modeling
applications.

¢ This model parameter database should be based on a consensus interpretation of the
available data.
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o The database and data interpretations should be updated as new data, on both the local
and regional scale, become available.

e Any conceptual models that make additional simplifications to the site-wide modeling
database should include adequate documentation to demonstrate consistency. Such
documentation may include a list of assumptions made, their justification, and
comparisons with simulation results based on the most complete and complex
conceptual madel.

3.3 Co ; Needs and Requirements

code(s¥used. Since j §possible, however, that a single code will be adopted in the future
i gimdwater mqg:_l!ﬂmg, the needs and requirements in this section were

developed for{fa miat complexicainbet

to be needed at the Hanford

3.3.1 Technical Ri

3.3.1.1. Fluid Flow ~

setting for either steady state ortransient, ﬂg i
modeling applications such as the sslz_;‘ az{

technologies such as in-situ REDOX treatme)
effects of variable density would be desirable.

3.3.1.2 Hydrologic Properties

conductlwty values.
3.3.1.3. Unconfined_and Confined Aquifer Conditions

The selected code should be capable of simulating flow and contamifi ifransport in

unconfined and confined aquifer systems.

3.3.1.4 Spatial Scale of Analysis

The seiected code should be capable of simulating flow conditions at the scale of the entire
Hanford Site and have robust sub-modeling capability to facilitate the systematic transfer of
attributes of the site-wide flow and contaminant transport model to local-scale models as
appropriate.
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33.1.5 oral Scale of Analysis
The selected code should have the capability to effectively simulate flow on a vanety of

time-scales ranging from a few years to 10,000 years at both the scale of the entire Hanford
Site and at the local scale.

3.3.1.6 Contaminant Transport

epresent. gcochcmlcal retardation using a linear equilibrium
coefficient depends only on the contaminant and
on spatial posa

3.3.1.8 Radioactive

The selected code should contain sufficient capal K
perform streamline (for steady-state conditions) and patheis
analyses in two- and three-dimensions.

33.1.11 Boundary Conditions

The selected code should be capable of incorporating time-dependent and spati
boundary conditions. The code should be capabie of simulating homogengdizs:ane
homogeneous Dirichlet (constant head/concentration) and Neuman (cog$ i
boundary conditions. The selected code should also have a prcscnbcdaﬁproach for

incorporation of time- and space-dependent sources and sinks of water and contaminant.

3.3.2 Administrative Requirements

3.3.2.1 User Interface Issues

Pre- and Post-processing Software. The code should interface with some form of pre- and
post-processing modules that allow the user to readily set up problems and to understand
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results. Graphical interfaces are preferred to text interfaces. Such pre- and post-processiiig
modules could be an integral part of the code. In particular, the capability to graphically
display the numerical grid discretization along with zone identifiers, contaminant and water
fluxes across selected boundaries and/or regions-in the modeling domain. and contours.
spatial cross sections, and time histories of contaminant concentrations is highly desired.
The pre- and post-processing systems can be commercial or public domain products not
developed by those responsible for the computer code.

qupligg with Geographic Information System. The code should have the capability to

receive and producs_;;nputs or outputs to facilitate its use with the available site GIS’s.

rtation sho be readily available and cover the theory.
I ?methods and user’s guide. The code

Body of Model Applications. The selected code should be well regarded among |
and regulatory community. In particular, the code should be acceptable to the.&;

Environmental Protection Agency and the Washington State Department of I

simulations of the Hanford Site unconfined aqulfer with the results publ “fn extemally

reviewed documents.

3.3.2.3. Availability and Cost

The executable code should be available to the public at a reasonabie cost for the purposes
of repeating calculations and confirming results.
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3.3.2.4 Accessibility and Cross ntractor

The code must be available for use by all contractors performing Hanford Site groundwater
modeling.

3325 Code Avatlability and rsio

The version of the code should be a recent version, preferably the last one that has been
fully tested. For codes that are well established, the use of a well-tested version may
outweigh the use:0f a newer, but less tested version. The software should be maintained
tfin] program that documents modifications.

Propriétaly codes will be consi ;
codes and only if the author(s}{ 2 £ dlan(s) allow mspe.c_tlon and verification of the source

andloitverification reviews may be required

enhancements.

3.3.2.8 Technical Support

The selected code should be sufficiently well dggkimented any
developer to allow rectification of technical dlfﬁéiilues that
Hanford specific applications.

Stigiported by the code

its app‘!i#a,tlon to

3.3 Other Needs and Requirements

One of the major needs identified in the initial assessment is for a process to fci'
consistency in applications of groundwater models by various on-site pro
of the current organizational framework of the Hanford Site around majg#y

#f brograms has

yielded results that were inconsistent with those generated by modelmg groups in other
programs. The identified inconsistencies in results, in most cases, have found their root
causes from differences in

. the modeling objectives

. the definition of the conceptual model anising from differences in the sources and
interpretations of data and the assumptions made
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o the definition of the model boundary conditions

o the development of parameter distributions used in the numerical model, including
the method of calibration _

. the computer code(s) used (e.g., two versus three dimensions)

. the numerical model discretization, typically chosen to balance accuracy and the
amount of time/money available

. interpretation of numerical model results, including estimates of uncertainty and

accuracy of results, (e.g., two results may be different, but are not distinguishabie
from eagckiiather given the precision of the results).

; lowa:d ensuring consistent devclopment of paramcter estimates
. els. Equally ifigortant should be a requirement to estimate the uncertainty in
3 wﬂt)pmem of standard procedures to do so. The site may consider

s contractors conducting environmental dose
{is to provide site wide review service,

environmental dose cak:lﬂatlons
groundwater modeling activities.

maintaining a detailed administrative record
* conceptual model intcrpretations and:

calibration is done in response to new infofi
testing, or water level measurements

¢ selected codes and related software as new capabilities are incorporat
updated versions of the codcs are acquired

updatcs to the numerical model parameter estimates
* identificaton and implementation of model capabilities based on iFi#
» transport theory (e.g., chemical reactive transport)
e computational and numerical methods
¢ computational equipment
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Table A.1. Model Attributes of Key Projects in the Environmental Restoration Program

100-N Area
Modeling

Interim Remedial
Action Design Analyses

Focused Feasibility
Studies

Model Attributes

LWDF's

Bank
Storage

N Springs

100-H
Area

100-H
Area

100-D
Area

Current Status

Work Completed

No fulure work needed

Future Revisions Needed

Work Initiated

Work Planned and In Baseline

Work Planned and not in Bascline

Drivers

CERCLA

RCRA Compliance

NEPA

DOE Orders

Facility Permitting

Emergency Responsc

Public Interest

Purpose or Objective of Analysis

Disposal Site Screening Analysis

Site erfonmance Assessment

Design and Evaluation of Remediation
Stralegy .

Assessment of Environmental liipity

Evaluation of Monitoring Network#ji)
Design '

Risk Assessinent

n/a not applicable; VZ vadose zone; GW groundwater
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Table A.1. Mode! Attributes of Key Projects in the Environmental Restoration Program

100-N Area Interitn Remedial Focused Feasibility
Modeling Action Design Analyses Studies
Bank 100-H 100-H 100-D
Maodel Attributes LWDF's | Storage | N Springs Area 100-D Area}::} Area Area
Scope of Analysis
Dimensionality 3-D 2-D 2-D D 3-D
Model Orientation Cross-section] Areal/ X-sect
Flow Analysis
Vadose Zone Flow Transient Transient .
Groundwater Flow Transient Transient | Steady-state [ ¢:]. Transient Transient | Steady-state | Steady-state
Transport Analysis “T
Vadose Zone Transport Transient
Groundwater Transpor Transienl Transient Transient
Geochemical Capabilities Used/Required
Sorption X X
Radioactive Decay w/o chain decay
Radioactive Decay with Chain Decay
Scale of Analysis )
Spatial Scale Local Local Local Local Local
Time Scale <50 yrs <50 yrs <50 yrs <50 yrs <30 yrs
Codes Used
VAM3IDCG GW GW
PORFLOW
STOMP
MEPAS
CFESY.SC or CFEST-96
MICROFEM GwW
MODFLOW Gw Gw
MT3D Gw GW
Spreadsheet Analysis
Flowpatl

n/a not applicable; VZ vadose zone; GW groundwater
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Table A.l.

Model Attributes of Key Projects in the Environmental Restoration Program

100-N Aren Interim Remedial Focused Feasibility
Modeling Action Design Analyses Studies
Bank 10011 100-H 100-D
Model Attributes LWDF's | Storage | N Springs Area £00-D Areal Area Area
Boundary Conditions
Basalt Qutcrops n/a n/a n/ n/a n/a
Cold Creek Valley nfa na n/a n/a na
Dry Creek Valley nfa n/a n/a n/a n/a
Yakima River na na nfa n/a n/a
Columbia River :
Constant Head Transient Transient Transient T Steady-state | Sieady-state
Constant Flux i

Local-scale Boundaries

Constant Head

Steady-state

Steady-siale

SS &

. Steady-slale

Steady-state | Steady-state

Constant Flux

Natural Recharge

X

X X

Base of Model

5 m below Water Table

Hanford/Ringold Contact

Top of Lower Ringotd Mud Unit

Top of Columbia River Basalts

n/a not applicable; VZ vadose zone; GW groundwater
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Table A.1. Model Attributes of Key Projects in the Environmental Restoration Program

100-N Area [nterim Remedial Focused Feasibility
Modeling Action Design Analyses Studies
Bank 100-H . 100-H 100-D
Model Attributes LWDF's | Storage | N Springs Area  |100-D Area Area Area
Hydrostratigraphic Units ! 2
Hanford Formaltion X X

Ringold Formation (as single unit}

Combined Hanford / Ringold Formation

Palouse Soil

Plio-Pliestocene Unit

Upper Ringold {Unit 4)

Middle Ringold (Unit 5)

Middle Ringold (Unit 6)

Middle Ringold (Unit 7)

Lower Ringold (Unit 8)

Basal Ringold {Unit 9)

Columbia River Dasalt

Contaminants Considcred

Radionuclides

Chemicals

Chromium | Chromium

n/a not applicable; VZ vadose zone; GW groundwater A6



Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Environmental
Site-Wide Restoration
Remediation Disposal
Model Attributes Strategy Facility

Current Status

Work Completed

No future work needed

Fulure Revisions Needed

Wortk Initiated

Work Planned and in Bascline

Work Pianned and not in Baseline

Drivers

CERCLA .

RCRA Compliance

NEPA

DOE Orders

|Facility Permitting

Emergency Response

PPublic Interest

Purpose or Objective of Anatysis

Disposal Site Screening Analysis

Site Performance Assessiment

......

Evaluation'gifi¥aitoring Network and Degigin

[Risk Assessnieng

n/a not applicable; VZ vadose zone; GW groundwater A7



Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Environmental

Site-Wide Restoration
Remediation Disposal
PMModel Attributes Strategy Facility

200 Area
Soil
titediation

Scope of Analysis

Dimensionality 3-D ] I:—f)_

Model Orientation Crosé:tepiion

Fiow Analysis

Vadose Zone Flow Steady-state

Stcady-‘slﬁ_ 4
Steady-giaté

Groundwater Flow Transien

iSteady-stale

Transport Analysis

Vadose Zone Transport “Siady-siate

Groundwater Transport

i Bleady-state

Geochemical Capabilities Used/Required

Sorption

Radioactive Decay w/o chain decay

Radioactive Dccay with Chain Decay:

Scale of Analysis

Spatial Scale Local Site-wide Locai/ Site-wide

Time Scale <10,000 yrs <10,000 yrs

Codes Used

VAMIDCG

PORFLOW ..

STOMP

MEPAS

VZ/IGW

CFEST-SC off GW

MICROFEM -

MODFLOW

MTID

Spreadsheet Analysis |

RESRAD

VZIGW

n/a not applicable; VZ vadose zone; GW groundwater A8



Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Environmental
Site-Wide Restoration
Remediation Disposal
Model Atiributes Strategy Facility .
Boundary Conditions
Basatt Outcrops
No Flow X

Rattlesnake Hills Spring Discharge

Cold Creck Valley

Constant 1lead

Constant Flux

Dry Creck Valley

Constant llcad

Constant Flux

feady-state

Yakima River

Constant lead

Steady-state

Censtant Flux

Columbia River n‘a
Constant Head Steady-state
Constant Flux
Local-scale Doundaries nfa nfa
Natural Recharge X X
Base of Modet nfa
3 m below Water Table
" Ilanford/Ringold Contact

Top of Law#s: Ringold Mud Usi

Top of Ciliitibiy River Basalis

n/a not applicable; VZ vadose zone; GW groundwater

A9




Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Environmental
Site-Wide Restoration 200 Area
Remediation Disposal i Soil
Model Attributes Strategy Facility i Reiiiediation

Hydrostratigaphic Units 2
Hanford Formation
- Ringold Formation (as single unit) X

Combined Hanford and Ringold Formation

Palouse Soil

Plig-Pliesiocene Unit

Upper Ringold (Unit 4)

Middle Ringold {Unit 5}

Middie Ringold (Unit 6}

Middle Ringold {Unil 7)

Lower Ringold {Unii 8)

Basal Ringold {Unit 9)

Columbia River Dasall

Contaniinants Considered

Radionuclides

Chemicals

n/a not applicable; VZ vadose zone; GW groundwater A.lO



Table A.3. Model Attributes of Key Projects in the Environmental Restoration Program

Model Attributes

Hanford Groundwater Project

Future
Water-Level
Assessment

Impacts (o
Drinking Water
Systems and
Groundwater Use

Canyon
Disposition

Initiative

Current Siatus

Work Complcted

No future work needed

Future Revisions Needed

Work Initiated

Work Planned and In Baseline

Work Planned and not in Baseline

Drivers

CERCLA

RCRA Compliance

NCPA

DOE Guidance

Composite Anatysis
Guidance

DOE Orders

Facility Permitting

Emergency Response

DNEFSR 94-2

I*'ublic Inlerest

Purpose or Objective of Analysi

Disposal Site Screening Analysis

Site Performance Assessment

Design and Evaluation of Remediation Str':.:rtg

Assessmenl of Environmental Impacts

Evaluation of Monitoring Network and Desig

sk Assessment

n/s not applicable; VZ vadose zone; GW groundwater ATl




Table A.3. Madel Attributes of Key Projects in the Environmental Restoration Program

Model Attributes

Hanford Groundwater Project

Impacts to
Future Drinking Water

Walter-Level Systems and

Assessment | Groundwater Use

Canyon
Disposition
[nitiative

Scope of Analysis

Dimensionality

2-D

Model Orientation

Areal

Flow Analysis

Vadose Zone Flow

Groundwater Flow

S8 & Transient

Transport Analysis

n/a

Vadose Zone Transport

Transient

Groundwater Transport

Transient

Geochemical Capabilities Used/Required

Sorption

Radioactive Decay w/o chain decay

”

Radioactive Decay with Chain Decay

Scale of Analysis

Spatial Scale

ite-wide Site-wide Site-wide

Site-wide

Time Scale

<200 yrs <1000 yrs

>10,600 yrs

Codes Used

?

VAMIDCG

PORFLOW

STOMP

vZ

MEPAS

CFEST-SC or CFEST-96

GwW GW

MICROFEM

MODFLOW

MTID

Spreadsheet Analysis

/s not applicable; VZ vadose zone; GW groundwater Al2




Table A.3. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Groundwater Project
Impacts to
Future Drinking Water Canyon
: Water-Level Systems and Disposition
Modet Attributes Assessment | Groundwater Use Initiative
Boundary Conditions Undecided
Basalt Outcrops
No Flow
Rattiesnake Hills Spring Discharge
Cold Creek Valley
Constant Head
Constant Flux Steady-stale iSicady-slale

Dry Creck Valley

Constant lead

Constant Flux S.l'cady—slalc

Yakima River nfa

Constant Head

Constant Flux

Columbia River

Constant Head Sieady-state

Constant Flux

l.ocal-scale Doundarics n'a n/a nfa

Naotural Recharge X X

Base of Modet

5 m below Waler Table

Hanford/Ringold Contact

Top of Lower Ringold Mud Unit

Top of Columbia River Basalts

n/a not applicable; VZ vadose zone; GW groundwater Al3



Table A.3. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Groundwaler Project

Impacts to
Future Drinking Water Canyon
Water-Level Systems and Disposition
Model Attributes Assessment Groundwater Use Initiative

lHydvostratigraphic Units Considered

Hanford Formation

Ringold Formation (as single unit)

Combined llanford and Ringold Formation

Palouse Soil

Plio-Pliestocene Unit

Upper Ringold (Unis 4

Middle Ringold (Unit 5)

Middle Ringold (Unit 6)

Middle Ringald (Unit 7)

Lower Ringold {Unit 8)

Dasal Ringold (Unit 9;

Columbia River Dasalt

Contaminants Cansidered

Radionuclides

Chemicals

n/a not applicable; VZ vadose zome; GW groundwater

A.l4




Table A.4. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Model Altributes

Waste Management

T&nk Waste Remediation System

LLW Durial Grounds
Performance
Assessment

Liquid Effluents
Program

TWRS Low Activity
Waste Disposal
Facility

200 East
Area

200 East
Area

ETF

Other

Interim
PA Final PA

Discha rgnﬁ' \

Current Status

Work Completed

Ne fwture work needed

Future Revisions Neeced

Work Initiated

Work Planned and In Baseline

Work Planned and not in Baseline

PA Maintenance

Drivers

CERCLA

RCRA Compliance

NEPA

DOE Orders

5820.2A

5820.2A 5820.2A

Facility Peomitling

Emetgency Response

Public Interesi

Purpose or Objective of Analysi

Disposal Sile Screening Analysis

Site Performance Assessinenl

Design and Evaluation of Remediation gm

Assessment of Environmental Impacts

Evaluation of Monitoring Network and Desig

Risk Assessment

n/a not applicable; VZ vadose zone; GW groundwater

AlS




Table A.4. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Waste Management

nk Waste Remediation System

LLW Buriat Grounds TWRS Low Activity
Performance Liquid Effluents Waste Disposal
Assessment Program Facility
200 East | 200 East Other Interim
Madel Attributes Area Area ETF Disclmrggm" ¥ PA Final PA
Scope of Analysis .
Dimensionality 2-D 2-D 31-D 2.D 2-D 2-D
Mode! Orientation X-section | X-section 4 Arcal/X -sect | Areal/X-sect] Areal/X-sect | Areal/X-sect
Flow Analysis HHE
Vadose Zone Flow i{:Bieady-statc | Transient |SS & Trans. | SS & Trans.
Groundwater Flow Steady-state | Steady-state | F '] Steady-state | Sieady-state } SS & Trans. | SS & Trans.
Transport Analysis i
Vadose Zone Transport iiFrinsiend | Transient | Transient | Transient | Transient
Groundwater Transpon Transient | Transient | Teansient | Transient | Transient
Geochemical Capabitities Used/Required
Sozplion x X x
Radioactive Decay w/o chain decay x X
Radioactive Decay with Chain Decay X
Scale of Analysis
Spatial Scale Site-wide | Site-wide [Loc/ Site-wd|lLoc/ Site-wd|Loc/ Site-wd
Tinwe Scale <10,000 yrs | <10,000 yrs § <10,000 yrs § >10,000 yrs | > 10,600 yrs
Codes Used ?.
VAM2D/IVAM3IDCG VZ/IGW GW Gw
PORFLOW VZIGW VZ vZ
STOM?P VZ
MEPAS VZIGW
CFEST-SC or CFEST-96 GwW
MICROFEM
MODFLOW
MT3D ]

n/a not applicable; VZ vadose zone; GW groundwater

A.l6




Table A.4. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Waste Management

#1ik Waste Remediation System

LLW Burial Grounds TWRS Law Activity
Performance Liquid Effluents Waste Disposal
Assessment Program Facility
200 East | 200 East Other Solid : Interim

Model Altributes Aren Area ETF  |DischargesjWaste El rA Final PA
Boundary Coaditions
Rasalt Ouicrops n‘a n/a

No Flow X X X

Ratuesnake I1ills Spring Discharge
Cold Creck Valley n/a

Constand Head

Consiant Flux

Rigady-state

Steady-stale

Steady-state

Steady-stalc

Steady-state [ .

Dry Creek Valley

Constant Head

Constant Flux

Yakima River

Steady-siate

Sleady-state

Steady-state

Steady-stale

Stcady-state

Constant Head

n/a

na

n/a

Stcady-state

Steady-state

Constant Flux

Columbia River

Constant llcad

Steady-siale

Steady-stale

Steady-state

Steady-sime

Stcady-state

Constant Flux

Local-scale Boundaries

Conslant ead

Slé;;ﬂ?lslaic

Sicady-state

TFransient

Constant Flux

Tsansient

Natural Recharge

X

X

Dase of Model

5 m below Water Table

Hanlord/Ringold Conlacl

Top of Lower Ringold Mud Unit

Top of Columbia River Basalts

n/a not applicable; VZ vadose zone; GW groundwater

AT



Table A.4. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Model Attributes

Waste Management

Tapk Waste Remediation System

LLW Burial Grounds
Performance
Assessment

Liquid Efffuents
Program

200 East | 200 East
Area Area

ETF

Other
Disclm:ggg

TWRS Low Activity
Waste Disposat
Facility

Waste E1%

Interim
PA Final PA

Hydrostratigraphic Units Considered

:Undecided

Hanford Formalion

Ringold Formation (as single unit)

Combined Hanford / Ringold Formation

Palouse Soil

Plio-Pliestocene Unit

Upper Ringold (Unit 4)

Middle Ringold (Unit 5)

Middle Ringold (Unit 6)

Middie Ringold (Unit 7)

Lower Ringold (Unit 8)

Nasal Ringold (Unit 9)

Columbia River Dasalt

|Contaminants Considered

Radionuclides

Chemicals

n/a not applicable; VZ vadose zone; GW groundwater
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